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ABSTRACT 



A vehicle surrounding monitoring device including: a moni- 
toring device for delecting objects present at a surrounding 
of a vehicle a nd outputtiog:_pQsitions of the obj ects defined 
by a predeter mineJ detectiop c Qordinate ^ystem: a coordi- 
nates transforming device having a calculation coordinate 
system in which a position of the monitoring device is an 
original point, a progressin g direction of the -V.ehicle is a first 
c oordinate axis and an axis Qr thQgQiiiallQ-the.firstxoordinatc 
axis is a ^mn^ mnrr^jn^^te axis for transfo rming the posi- 
tio ns of the objects into positio ns defined hy Ih&-calai1ati'nn 
coord mate system: a vehicle s peed detec ting-device for 
detectin g a vehicl e speed nf.tbg_y:ehiclc; a stationary ob ject 
s ampling mean s for sa mpling a pIuraht v^oL-stationarv 
o bjects among tfieob j ects baseB on the vehicle ^eed; and an 
error detecting device for detecting a deviation of an optical 
axis of the monitoring device based on the vehicle speed, 
components of the first coordinate axis of the pluraUty of 
stationary objects sampled by the stationary object sampling 
device and amounts of change in components of the second 
coordinate axis of the plurality of stationary objects in a 
predetermined period of time. 

9 Claims, 4 Drawing Sheets 
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FIGURE 5(0) FIGURE 5 (b) 
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X-Y COORDINATE SYSTEM 
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VEHICLE SURROUNDING MONITORING 
DEVICE 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

Tbe present invention relates to a surrounding monitoring 
device of a vehicle having a monitoring means such as a 
laser radar^ a camera or the like, particularly to detection of 
deviation in an optical axis of the surrounding monitoring 
device, 

2. Discussion of Background 

There is known a conventional device disclosed, for 
example, in Japanese Unexamined Patent Publication No. 
225277/1995. In the device of the publication a surrounding 
monitoring device is accurately attached to a vehicle. 

Even if attachment accuracy is improved by means dis- 
closed in the publication since according to the conventional 
device the surrounding monitoring device is to be attached 
to a vehicle accurately by using attachment members, an 
error in attaching is inevitable. 

Also, even if the sunounding monitoring device is accu- 
rately attached to the vehicle body, an optical axis of the 
surrounding monitoring device may not be in alignment with 
the progressing direction of the vehicle due to distortion of 
the vehicle body per se. 

With regard thereto a simple explanation will be given in 
reference to FIG. 6. FIG. 6 is an explanatory view for 
explaining that the optical axis of the monitoring means is 
deviated by distortion of the vehicle body. In FIG. 6, 
numeral 100 designates the vehicle and numeral 101 desig- 
nates tires the direction of which is not in alignment with the 
direction of the vehicle due to distortion of the vehicle body. 
Incidentally, FIG. 6 iUustrates an example in which the 
vehicle body is extremely distorted to facilitate understand- 
ing. Numeral 102 designates a laser radar, numeral 103 
designates the optical axis of the laser radar and nimieral 104 
designates the progressing direction of the vehicle. 

As understood from FIG. 6, even if the laser radar is 
accurately attached to the vehicle 100, the optical axis 103 
may not be in alignment with the progressing direction 104 
as illustrated if the vehicle body is distorted. 

Although, once the surrounding monitoring device is 
attached thereto, if the optical axis of the surrounding 
monitoring device is deviated by some cause, for example, 
loosening of attaching screws etc, the deviation can not be 
detected. 

Further, if the optical axis of the surrounding monitoring 
device is deviated by some cause while the vehicle is 
nmning, the deviation can not be corrected in the midst of 
nmning. 

SUMMARY OF THE INVENTION 

The present invention has been carried out to resolve the 
above-mentioned problem and it is an object of the present 
invention to provide a vehicle surrounding monitoring 
device capable of detecting deviation of an optical axis of a 
monitoring means. 

Further, it is another object of the present invention to 
promote reliability of a value of deviation in an optical axis 
by subjecting the value to a filter processing. 

Further, it is another object of the present invention to 
further promote reliability of the value of deviation in an 
optical axis by weighting the value of deviation before the 
filter processing. 
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Still further, it is another object of the present invention to 
provide accurate positional information by correcting posi- 
tional information of objects detected by a monitoring 
means in accordance with deviation in an optical axis. 

Still further, it is another object of the present invention to 
provide a device capable of simply correcting positional 
information of objects. 

Also, it is another object of the present invention to 
provide a device capable of correcting positional informa- 
' tion of objects without complicating calculation process. 

Also, it is another object of the present invention to 
promote reliability of a device by prohibiting detection of 
deviation in an optical axis under predetermined conditions. 
; Additionally, it is another object of the present invention 
to promote reliability of a device by continiting correction of 
positional information of objects even \^en detection of 
deviation in an optical axis is prohibited. 

According to a first aspect of the present invention, there 
20 is provided a vehicle surrounding monitoring device com- 
prising: 

a monitoring means for detecting objects present at a 
surrounding of a vehicle and outputting positions of the 
objects defined by a predetermined detection coordi- 
^5 nate system; 

a coordinates transforming means having a calculation 
coordinate system in which a position of the monitoring 
means is an original point, a progressing direction of 
the vehicle is a first coordinate axis and an axis 
orthogonal to the first coordinate axis is a second 
coordinate axis for transforming the positions of the 
objects into positions defined by the calculation coor- 
dinate system; 

25 a vehicle speed detecting means for detecting a vehicle 
speed of the vehicle; 

a stationary object sampting means for sampling a plu- 
ratity of stationary objects among the objects based on 
the vehicle speed; and 
40 an error detecting means for detecting a deviation of an 
optical axis of the monitoring means based on the 
vehicle speed, components of the first coordinate axis 
of the plurality of stationary objects sampled by the 
stationary object sampting means and amounts of 
45 change in components of the second coordinate axis of 
tiie plurality of stationary objects in a predetermined 
period of time. 
According to a second aspect of the present invention, 
there is provided the vehicle siurounding monitoring device 
50 according to the first aspect, further comprising a filtering 
means for filtering the deviation detected by the error 
detecting means. 

According to a third aspect of the present invention, there 
is provided the vehicle surrounding monitoring device 
55 according to the second aspect, wherein the filtering means 
weights the deviation before filtering the deviation such that 
the more the number of the sampled stationary objects, the 
more the amount of weighting is applied on a detected 
output of the error detecting means. 
60 According to a fourth aspect of the present invention, 
there is provided the vehicle surrounding monitoring device 
according to the second aspect, wherein the filtering means 
weights the deviation before filtering the deviation such that 
the more the difference among the components of the first 
65 coordinate axis of the plurality of sampled stationary 
objects, the more the amount of weighting is applied on a 
detected output of the error detecting means. 
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According to a fifth aspect of the present invention, there 
is provided the vehicle surrounding monitoring device 
according to the first aspect, further comprising a correcting 
means for correcting positional information of the detected 
objects in accordance with the deviation of the optical axis, 5 

According to a sixth aspect of the present invention, there 
is provided the vehicle surrounding monitoring device 
according to the fifth aspect, wherein the correcting means 
corrects the positional information of the detected objects by 
displacing the calculation coordinate system in accordance lo 
with the deviation of the optical axis. 

According to a seventh aspect of the present invention, 
there is provided the vehicle surrounding monitoring device 
according to the fifth aspect, wherein the correcting means 
corrects the positional information of the detected objects by 15 
displacing the detection coordinate system in accordance 
with the deviation of the optical axis. 

According to an eighth aspect of the present invention, 
there is provided the vehicle surrounding monitoring device 
according to the first aspect, further comprising a running 20 
radius estimating means for estimating a running radius of 
the vehicle and a calculation prohibiting means for prohib- 
iting calculation of the error detecting means when the 
running radius of the vehicle is estimated to be a predeter- 
mined running radius or less. 25 

According to a ninth aspect of the present invention, there 
is provided the vehicle surrounding monitoring device 
according to the eighth a^ect, further comprising a correct- 
ing means for correcting positional information of the 
objects in accordance with the deviation of the optical axis 30 
and wherein the correcting means continues correcting 
operation even when the calculation of the error detecting 
means is prohibited. 

BRIEF DESCRIPTION OF THE DRAWINGS 35 

FIGS. 1(b) and 1(c) are explanatory views showing 
relative movement of stationary objects detected by a laser 
radar; 

FIG. 2 is an explanatory view explaining technical 
thought of Embodiment 1; 40 

FIG. 3 is an explanatory view explaining a method of 
calculating deviation of an optical axis; 

FIG. 4 is a block diagram showing the constitution of 
Embodiment 1; 

45 

FIGS, 5(fl), 5{b) and 5(c) are explanatory views for 
explaining coordinate systems; and 

FIG. 6 is an explanatory view explaining that an optical 
axis of a monitoring means is deviated by distortion of a 
vehicle body. 50 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS EMBODIMENT 1 

First, an explanation will be given of the way of thinking 
of Embodiment 1. 55 

FIGS. 1(a), 1(b) and 1(c) are explanatory views showing 
relative movement of stationary objects detected by a laser 
radar in which FIG. 1(a) illustrates a case where a vehicle is 
running on a straight hne road and an optical axis of the laser 
radar is in alignment with the progressing direction of the 60 
vehicle, FIG. 1(b) illustrates a case where the vehicle is 
running on the straight line road and the optical axis of the 
laser radar is not in agreement with the progressing direction 
of the vehicle and FIG. 1(c) illustrates a case where the 
vehicle is nmning on a cmved road and the optical axis of 65 
the optical laser radar is in ahgnment with the progressing 
direction of the vehicle, respectively. 
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Incidentally, the progressing direction of the vehicle sig- 
nifies a direction in which the vehicle is progressing at a time 
point and when the vehicle is, for example, cornering, the 
direction corresponds to a tangential direction of a circle 
drawn by a running radius of the vehicle. 

In FIGS. 1(a), 1(b) and 1(c), numeral 1 designates the 
vehicle, numeral 2 designates a delineator as a stationary 
object installed along the road and an arrow mark attached 
to the delineator signifies an amount of relative movement of 
the delineator in a predetermined period of time. Numeral 3 
designates the progressing direction of the vehicle 1 and 
numeral 4 designates the optical axis of the laser radar as a 
monitoring means. Numerals 5 and 6 designate coordinate 
axes defining a calculation coordinate system with the 
position of the laser radar as an original point in which 
notation Y indicated by a one -dotted chain line designates Y 
coordinate axis as a first coordinate axis that is set in the 
progressing direction of the vehicle and notation X indicated 
by a one-dotted chain line designates x coordinate axis as a 
second coordinate axis that is set in a direction orthogonal to 
Y coordinate axis. 

First, it is assumed that the laser radar detects the delin- 
eators when the vehicle is running on the straight line road. 
If the optical axis of the laser radar is in aligmnent with the 
progressing direction of the vehicle 1, the delineator 2 
becomes proximate toward the vehicle with the progress of 
the vehicle 1 but do not relatively move in the X axis 
direction in this case as shown by FIG. l(fl). By contrast, 
when the optical axis of the laser radar is deviated from the 
progressing direction of the vehicle 1, the delineator 2 
becomes proximate to the vehicle with the progress of the 
vehicle and further, moves relatively in X axis direction in 
accordance with the direction in which the optical axis is 
deviated as illustrated in FIG. 1(b). 

Therefore, it is possible to detect the deviation between 
the optical axis of the laser radar and the progressing 
direction by detecting the amount of change in X axis 
direction of the stationary objects in a predetermined period 
of time, that is, the velocity component in X axis direction 
in the case of the straight line road. 

However, the relative movement of the stationary object 
in X axis direction is not caused only by the deviation of the 
optical axis. For example, if the road is curved as illustrated 
in FIG. 1(c), the stationary objects at forward positions 
relatively move in X axis direction with the progress of the 
vehicle 1. Accordingly, how much amount of the velocity 
component in X axis direction of the detected stationary 
object is caused by the curve and how mudi amount thereof 
is caused by the deviation of the optical axis must be 
identified. 

In Embodiment 1, the both are distinguished from each 
other by paying attention to the fact that while the velocity 
component in X axis direction caused by the deviation of the 
optical axis stays the same regardless of the distance to the 
stationary object, with respect to the velocity component in 
X axis direction caused by the forward curve of road, the 
more remote the stationary object, the larger the velocity 
component whereas the more proximate the stationary 
object, the smaller the velocity component. 

In other words, according to this invention the deviation 
of the optical axis is detected by detecting a plurality of 
stationary objects and based on the amounts of change in X 
axis direction of the stationary objects in a predetermined 
period of time and the distances thereto. 

A detailed explanation will be given in reference to the 
drawings as follows. 
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FIG. 2 is an explanatory view explaining the technical components Vx' and the V axis components y' of the 

thought of Embodiment 1 in which coordinate axes indi- stationary objects PI through P4 and the deviation is 

cated by broken lines designate X-Y coordinate system in detected by dividing the calculated anp by a, that is, by the 

the case where the optical axis of the laser radar is in vehicle speed Vs. Incidentally, the vehicle speed Vs can 

alignment with the progressing direction of the vehicle and 5 easily be detected by a vehicle speed sensor, 

coordinate axes indicated by bold lines designate X*-Y' Now, an explanation will be given to a device for reducing 

coordinate system in the case where the optical axis of the the above-mentioned technical thought to practice as fol- 

laser radar is deviated to the right by an angle ij). lows. 

In FIG. 2 notations PI to notation P4 designate a plurality F^G. 4 is a block diagram showing the constitution of 

of stationary objects at the surrounding of the vehicle that lo Embodiment 1. 

are detected by the laser radar. 1° ^ numeral 5 designates a laser radar as a moni- 

Here, an explanation wUl be given of the stationary object ^^^g means that is installed at a front face of the vehicle 1. 

P2 as an example Numeral 6 designat es a X -Y coord inates transformmg 

. t.-,. t. means as a coordinate transforming means for transforming 

When the optical axis of the laser radar is mclmed by^ ,5 jjj^^^i information of a polar coordinate system detected 

as illustrated, the X am velocity component Vx' of the ^y the laser radar into positional information for a calcula- 

stationary object P2 m the mchned X -Y coordinate system ,ion coordinate system comprising a X-Y coordinate system. 

IS given by the follo>ymg Equation (1). ^^^^^j 7 ^^^^^^^ ^ ^^[^^6 speed sensor as a vehicle 

Speed detecting means for delecting a vehicle speed of the 

Vx'—Vs' sin (9-ii») (1) ^ vehicle 1, numetaLSLd esignates a s tatinnarv object samp ling 

means fc«; sampling ^statiogaoLjnhjccts among detected y 

Equation (1) can be approximated to the following Equa- objects, n umeral 9 designates a X-axis velocity^cotn pjQnentT 

tion (2) if 6 and ip are assumed to be sufficiently small. ca lculating means for calculating.a mQunts^oLreIative move- ) 

ment in X axis direction of the sampled stationar yjobjccts in 

25 a predetermined period of t ime, that is,_X axis velocity 

IV— Vs»(e-tp) (2) components, numeral 10 designates an error detecting 

e can be represented by the following Equation (3) by ^^^^ detecting a deviation ip of an optical axis based on 

using y* and R. vehicle speed signal Vs from the vehicle speed sensor 7, 

th e Y' axis components of the plurality of stationar v^biccts 

y 30 sa napled by the stationary object sampling means 8 and the 

9 « ^ (where y <<R) amou nts of change of the X axis c oo rdinate components o f 

Next, the X axis velocity component Vx' is represented by the^tp^ """; °b|ects .Frpredetennined^ dod 

using Equation (2) and Equatior(3) as follow^ of time that is calailatelby^6JU«.s^loc.^ component 

^ ^ ^ - ^ ^ ^ calculatmg means 9, numeral 11 designates a filtenng means 

35 for filtering the deviation detected by the error detecting 

w » • - - means 10. numeral 12 designates an optical axis correcting 

. ^ , means as a correcting means for correcting the optical axis 

Here. EquaUon (4) is wntten by subsUtutmg a for Vs and the laser radar in accordance with the filtered deviation -vj)', 

P for -Vs/R as foUows to facifitate understanding. ^^^^^ 13 designates a steering wheel angle detecting 

40 means installed at a steering shaft and numeral 14 designates 

v^'-antn-p7' (5) * calculation prohibiting means for prohibiting calculation 

of the error detecting means 10, which prohibits the calcu- 
That is, ij) can be represented by a linear equation of Vx' lation of the error delecting means when predetermined 
and y'. conditions are established by receiving the information of 
The linear equation is illustrated in FIG, 3. In Equation (5) 45 the vehicle speed signal Vs of the vehicle speed sensor 7 and 
a"ip is an intercept of the linear equation which is the value the steering wheel angle from the steering wheel angle 
of Vx' when y' is equal to 0. detecting means 13, Here, the vehicle speed sensor 7 or the 
Further, since anjj is the intercept, the graph as illustrated steering wheel angle detecting means 13 constitutes a run- 
in FIG. 3 is translated to the upper direction of the drawing ning radius estimating means. Numeral 15 designates a 
by a predetermined amount regardless of the size of y', 50 failure determining means for determining a failure of the 
which substantiates the fact that the velocity component in device by determining whether the deviation lii' that has been 
X axis direction caused by the above-mentioned deviation of filtered by the filtering means 11 is equal to or larger than a 
the optical axis stays the same regardless of the distance to predetermined threshold value, numeral 16 designates an 
the stationary object. alarm driving means for driving a speaker 17 by receiving a 
Now, the X axis velocity component Vx* and the Y axis 55 signal from the failure determining means 15 and numeral 
component y' of the stationary object P2 can be detected by .18 designates a control prohibiting means for prohibiting 
the laser radar. When the information is plotted in the y'-Vx' controls which perform calculations by receiving the signal 
coordinate system of FIG. 3, the illustrated point of P2 can from the failure determining means 15 and by using the 
be plotted. positional information from the laser radar 5. 

However, the graph of the linear equation can not be 60 First, the laser radar 5 detects objects present at the 

drawn and the intercept a*\]f can not be calculated only by siurounding of the vehicle 1 by irradiating a search wave 

plotting P2. It is necessary to plot two points at minimum to such as a near-infrared ray, an electromagnetic light or the 

draw a graph of a linear equation. like. The laser radar 5 is provided with a detection coordi- 

Therefore, in Embodiment 1 the plurahty of stationary nate system of a polar coordinate system that is shown in 

objects PI through P4 are delected. 65 FIG. 5(a). FIGS. 5(a), 5(b) and 5(c) are explanatory views 

Further, the intercept a-\^ is calculated by the method of for explaining coordinate systems. FIG. S(a) indicates R-6 

least squares by using the information of the X' axis vebcity coordinate system that is the detection coordinate system of 
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the laser radar 5, FIG. S{b) indicates X-Y coordinate system 
that is the calculation coordinate system and FIG. 5(c) 
indicates H-V coordinate system that is a detection coordi* 
nate system of a CCD camera that is another monitoring 
means, respectively. Incidentally, a detailed explanation will 
be given later of the CCD camera. 

As shown in FIG. 5(a) the positional information of an 
object detected by the laser radar 5, for example, a preceding 
vehicle 30 is indicated by a direction and a distance. This 
positional information is supplied to the X-Y coordinates 
transforming means 6. The X-Y coordinates transforming 
means 6 transforms the positional information in R-6 coor- 
dinate system detected by the laser radar 5 into the positional 
information of the calculation coordinate system comprising 
X-Y coordinate system as shown by FIG. S(b). This calcu- 
lation coordinate system is used in controlling the vehicle 1, 
for example, used in an inter-vehicle distance control for 
controlling constant an inter-vehicle distance to the preced- 
ing vehicle 30 etc. The positional information of the objects 
that is transformed into the positional information in X-Y 
coordinate system by the X-Y coordinates transforming 
means 6, is supplied to the stationary object sampling means 
8 where only the stationary objects are sampled. 

The stationary object sampling means 8 samples only 
stationary objects by paying attentio n to the fact that sla- 
tionar y objects relatively move at a specd^e quaJ to the 
veh icle speed of the vehicle 1 . The positional information of 
fh£^atinnaryjjhjects^^ supplied 
to the X-axis velocity mmponp.nt ralrulatinp means 9. The 
X- axis velocity component calcula tingJueansJLcalculates 

an^mniint nF relative mnvemeni in X - axis direction of e ach 

o f the stantiona cy-obieGts-ig~a-predetermined_DeEipd of time, 
th at is . tbe X-axis velocity componc nt-bascd-on-the posi- 
tional in formation of each of tbe.stationary ob j ects sam pled 
at p^^ious.timc.and-the.positional.information of-each of the 
stationary objects sampled at current time. This X-axis 
velocity'component is supplied to the error detecting means 
10. 

The error detecting means 10 detects the deviation of 
the optical axis based on the vehicle speed signal Vs from 
the vehicle speed sensor 7, Y'-axis components of a plurality 
of stationary objects sampled by the stationary object sam- 
pling means 8 and amounts of change Vx* of X'-axis 
coordinate components of the plurality of stationary objects 
in a predetermined period of time that are calculated by the 
X-axis velocity component calculating means 9. 

That is, the Y'-axis^rnponent.of-the-stationary object is 
gi ven by the positional information (x', y') of the stationary 
object provided by the sta tionary objec t sampling mea ns 8 
ao d^tlie X-axis velocity com pone nt V^x* is giye n^by the 
X-axis velocity com ponent calculating means, $. Plotting is 
cond iicted in FIG. 3 based on these data. He _plotting is 
performed by a number of stationary objects sampledjjy the 
stationary_obi ect samplin g means 8. Successively, t he inter- 
cept a*T|) is^ alculated b y usin g_the,methQd__of least squares. 
Further7the deviation t|) is provided by dividing the calcu- 
lated intercept a^ii) by the vehicle speed Vs (-a) obtained 
from the vehicle speed sensor 7. 

Thus obtained deviation al? is supplied to the filtering 
means 11 where filtering is conducted to promote the 
reliability of the value of the deviation tj). 

The filtering means is constimied by a timewise filter. 
There are primary filter, moving average filter, IIR filter, FIR 
filter and tbe like as filters for use. The filtered deviation tp* 
is supplied to the optical axis correcting means 12. The 
optical axis correcting means 12 rotates the calculation 
coordinate system as shown by FIG. 2 in accordance with 
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the filtered deviation by which the X'-Y coordinate 
system is aligned with the X-Y coordinate system. 

Also, the filtered deviation is supplied to tbe failure 
determining means 15. The failure determining means 15 

5 determines the failure of device by determining whether the 
filtered deviation y^' is equal to or larger than a predeter- 
mined threshold value. When the failure determining means 
15 determines that the device is in failiire, that is, in the case 
where the optical axis correcting means 12 can not correct 

10 the optical axis, the alarm driving means 16 drives the 
speaker 17 to issue an alarm soimd. Also, the control 
prohibiting means 18 prohibits controls, for example, inter- 
vehicle distance control or the like upon receiving a signal 
firom the failure determining means 15. 

15 Further, in Embodiment 1, when predetermined condi- 
tions are established, tbe calculation of the deviation ij) by 
the error detecting means 10 is prohibited. 

This operation is conducted to prohibit the calculation of 
the deviation t]; when the conditions set in developing the 

20 above-mentioned equations are not established in order to 
prevent the value of the deviation i|i from including error. 
The conditions specify that 0 and are sufBciently small 
and y'«R. These conditions are not satisfied in rxmning of 
the vehicle when the vehicle is cornering by a running radius 

25 of a predetermined value or less. 

In Embodiment 1, the steering angle of the steering wheel 
is detected by using tbe steering wheel angle detecting 
means 13 and whether the vehicle 1 is cornering by a 
running radius of a predetermined value or less is detected. 

3D Also, whether the running radius is provided with a 
predetermined value or less can be estimated by the vehicle 
speed. In other words, the speed by which a driver can run 
a vehicle fearlessly and safely in the midst of cornering, is 
determined by the running radius. Therefore, in Embodi- 

35 ment 1 , when the vehicle is at high speed of a predetermined 
value or more, for example, when the vehicle speed is 60 
kmAir or more, the running radius is determined to be a 
predetermined value or more. The vehicle speed of 60 km/hr 
or more is provided in awareness of a speedway. 

40 The information of the steering wheel angle detected by 
the steering wheel angle detecting means 13 and the vehicle 
speed detected by the vehicle speed sensor 7 is given to the 
calculation prohibiting means 14. Then, the calculation 
prohibiting means 14 determines that the running radius of 

45 the vehicle is a predetermined value or less when the 
steering wheel is steered at a predetermined angle or more, 
or the vehicle speed is a predetermined value or less and 
prohibits the calculation of the error detecting means 10. 
Incidentally, the calculation prohibiting means 14 prohib- 

50 its only the calculation of the deviation i^f of the error 
detecting means 10 and does not prohibit tbe correcting 
operation by the optical axis correcting means 12. 

Accordingly, even if the calculation of the deviation tj) is 
prohibited, tte filtering operation by the filtering means 11 

55 is continued based on the information which has been 
accumulated by that time and the X*-Y* coordinate system is 
corrected based on the deviation ij)' that has been filtered by 
that time. 

Additionally, the condition that the calculation of the 
60 deviation xp is prohibited when the vehicle speed is a 
predetermined value or less, has a significance that when the 
vehicle speed is low, the relative movement of the stationary 
object is small and the error included in the value of the 
deviation is increased and accordingly, in such a case the 
65 calculation of the deviation \p is prohibited. 

According to the above-mentioned explanation the 
example of using a laser radar as a monitoring means has 
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been shown, however, a CCD camera may be used in place the coordinate system, the positional information (X\ Y') of 

of the laser radar. an individual object may be corrected in accordance with the 

In the case of a CCD camera, the detection coordinate deviation, 

system is H-V coordinate system as shown by FIG. 5(c). Although the positional information of objects is summa- 

Accordingly, the function of the X-Y coordinates transform- 5 rizingly corrected by displacing the coordinate system in the 

ing means 6 may be altered such that the positional infor- above explanation, the direction of the monitoring means 

mation of H-V coordinate system is transformed into the may be changed in accordance with th& deviation by ren- 

positional information of X -Y' coordinate system. dering the monitoring means such as the laser radar or the 

Further, the filtering operation by the filtering means 11 in CCD camera drivable. 

Embodiment 1 may be weighted, In this case, it is preferable to drive the monitoring means 

In calculating the intercept in FIG. 3, the more the number by using a step motor, 

of points of plotting, the more promoted is the calculation As mentioned above, according to Embodiment 1, the 

accuracy. error in attaching the monitoring means such as the laser 

Therefore, the value of the deviation \^ is filtered after a radar or the CCD camera is absorbed by which accurate 

weighting operation in which the more the number of correction of the optical axis can be conducted, 

stationary objects sampled by the stationary object sampling Even if the vehicle body per se is distorted, the optical 

means 8, the more the value of the calculated deviation is axis of the monitoring means can be aligned with the 

weighted. progressing direction of the vehicle. 

The filtering operation here is conducted based on, for ^^en after attaching the monitoring means once, the 

example, the following Equation (6). optical axis can pertinently be corrected. 

20 Even if the optical axis of the monitoring means is 

V, ^ ^, . .^ « deviated by some cause in running the vehicle, the deviation 

NewData-01dDBta.(l-*).NewData.i: (6) ^^^^^^^^ ^^^^ ^^^^^^ ^ ^^^^ 

In Equation (6) NewData designates a deviation that is The reUability of value of the detected deviation can be 

calculated at current time and OldData designates a devia- promoted by filtering the detected deviation tjj. 

tion ri? which has been filtered until the previous time and. 25 The reliability of the value of the filtered deviation can 

notationkdesignatesacoefiScientof weighting. The value of be promoted since the filtering operation is weighted in 

k is set such that the more the number of stationary objects, accordance with the number of the stationary objects or the 

the more the value of k is weighted. For example, when the difference among the Y'-axis components of the stationary 

number of stationary objects is 2, k is 0.01, when the number objects. 

of stationary objects is 3, k is 0.02 and when the number of 30 The reliability of the value of the detected deviation can 

stationary objects is 4, k is 0.03. - be promoted since the calculation of the deviation is 

Also, the weighting may be performed such that the more prohibited when the predetermined conditions are not estab- 

a difference among Y'-axis components of a plurality of lished. 

stationary objects, the more weighted is the detected devia- The optical axis can be corrected accurately since the 

tion 35 correcting operation of the optical axis is continued even if 

For example, consider a case in FIG. 3 where the sampled the calculation of the deviation ij) is prohibited, 

stationary objects are only P2 and P3 and a case where they Incidentally, the above-mentioned embodiments are 

are only PI and P4. examples for explaining the present invention and a variety 

When intercepts are calculated in these two cases, a value of embodiments are naturally possible within the scope of 

of the intercept in the case where the difference between 40 the spirit of the present invention. 

Y-axis components of a plurality of stationary objects is According to the vehicle surrounding monitoring device 

large, that is, in the case where the sampled stationary of the present invention, the deviation of the optical axis of 

objects are PI and P4, is more reliable. the monitoring means can be detected based on the vehicle 

Accordingly, the reliability of the deviation ip can be speed, the first coordinate components of a plurality of 

promoted by perfonning the weighting operation in consid- 45 stationary djjects and the amounts of change of the second 

eration not only of the number of the stationary objects but coordinate components of the plurality of stationary objects 

also of the difference among the Y'-axis components of the in a predetermined period of time. 

stationary objects. According to the vehicle surrounding monitoring device 

Further, the method of correcting the optical axis by of the present invention, the reliability of the value of the 

rotating the calculation coordinate system by the optical axis 50 deviation in the optical axis can be promoted by performing 

correcting means 12 has been explained, however, the the filtering operation. 

optical axis may be corrected by displacing the detection According to the vehicle surrounding monitoring device 

coordinate system. of the present invention, the reliability of the value of the 

That is, in the case of the laser radar, R-9 coordinate deviation in the optical axis can further be promoted since 

system may be displaced in accordance with the amount of 55 the filtering operation is weighted in accordance with the 

the filtered deviation ip' and in the case of the CCD camera, number of sampled stationary objects. 

HV coordinate system may be displaced in accordance with According to the vehicle surrounding monitoring device 

the amount of the filtered deviation tp'. of the present invention, the reliability of the value of the 

In this case it is not necessary to perform correction on the deviation in the optical axis can further be promoted since 

calculation coordinate system in which inter-vehicle dis- 60 the filtering operation is weighted in accordance with the 

tance control and the like are carried out and the positional difference among the first coordinate components of the 

information supplied from the monitoring means has already sampled stationary objects. 

been corrected and accordingly, the processing such as the According to the vehicle surrounding monitoring device 

inter-vehide distance control that is carried out on the of the present invention, accurate positional information of 

calculation coordinate axis can be simpUfied. 65 objects can be provided since positional information of the 

Although in the above explanation the positional infor- objects detected by the monitoring means is corrected in 

mation of objects is simimarizingly corrected by displacing accordance with the deviation in the optical axis. 
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According to the vehicle sunouDding monitoring device the plurality of stationary objects in a predetermined 

of the present invention, positional information of objects period of time. 

can be corrected in a simplified manner since the calculation 2. The vehicle surrounding monitoring device according 

coordinate system is displaced in accordance with the devia- to claim 1, further comprising a filtering means for filtering 

tion in the optical axis. 5 the deviation detected by the error detecting means. 

According to the vehicle surrounding monitoring device 3. The vehicle surrounding monitoring device according 

of the present invention, positional information of objects to claim 2, wherein the filtering means weights the deviation 

can be corrected without complicating the calculation pro- before filtering the deviation such that the more the number 

cessing since the detection coordinate system is displaced in of the sampled stationary objects, the more the amoimt of 

accordance with the deviation in the optical axis. lo weighting is applied on a detected output of the error 

According to the vehicle surrounding monitoring device detecting means, 

of the present inventioD, the reliability of the device can 4. The vehicle surrounding monitoring device according 

further be promoted since the calculation of the deviation in to claim 2, wherein the filtering means weights the deviation 

the optical axis is prohibited when the running radius of the before filtering the deviation such that the more the differ- 

vehicle is predicted to be equal to or less than a predeter- 15 eEK:e among the components of the first coordinate axis of 

mined running radius. the plurality of sampled stationary objects, the more the 

According to the vehicle surrounding monitoring device amount of weighting is applied on a detected output of the 

of the present invention, the reliability of the device can be error detecting means. 

promoted by continuing to correct the positional information 5. The vehicle surrounding monitoring device according 

of objects even when the detection of the deviation in the 20 to claim 1, further comprising a correcting means for oor- 

optical axis is prohibited. reeling positional information of the detected objects in 

What is claimed is: accordance with the deviation of the optical axis. 

1. A vehicle surrounding monitoring device comprising: 6. The vehicle surrounding monitoring device according 

a monitoring means for detecting objects present at a to claim 5, wherein the correcting means corrects the posi- 

surrounding of a vehicle and outputtiog positions of the 25 tional information of the detected objects by displacing the 

objects defined by a predetermined detection coordi- calculation coordinate system in accordance with the devia- 

nale system; tion of the optical axis. 

a coordinates transforming means having a calculation The vehicle surrounding monitoring device according 

coordinate system in which a position of the monitoring ^ correctmg means a)rrects the posi- 

means is an original point, a progressing direction of ^onal mformation of the detected objects by displaang the 

the vehicle is a first coordinate axis and an axis detection coordmate system m accordance with the devia- 

orthogonal to the first coordinate axis is a second tion of the opUcal axis. . . , . 

coordinate axis for transforming the positions of the ^\ The vehicle surrounding momtonng device according 

objects into positions defined by the calculation coor- ^^^^^ 1' ^.^^^^^ comprising a rumiing radius estimaUng 

dinatc system means tor estimatmg a runmng radius of the vehicle and a 

... i. J . . . . , calculation prohibiting means for prohibiting calculation of 

a vehicle ^eed detecting means for detecting a vehicle ^^^^ ^^^^ ^^^^^^ ^^^^ ^^^j^ ^^^^ 

^ , * ^ vehicle is estimated to be a predetermined running radius or 

a stationary object sampling means for sampling a plu- i^ss. 

ralily of stationary objects among the objects based on 40 9. The vehicle surrounding monitoring device according 

the vehicle speed; and to claim 8, further comprising a correcting means for cor- 

an error detecting means for detecting a deviation of an recting positional information of the objects in accordance 

optical axis of the monitoring means based on the with the deviation of the optical axis and wherein the 

vehicle speed, components of the first coordinate axis correcting means continues correcting operation even when 

of the plurality of stationary objects sampled by the 4S the calculation of the error detecting means is prohibited, 
stationary object sampling means and amounts of 

change in components of the second coordinate axis of * * ♦ * ♦ 
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